Abstract: Complexes containing five 4,5-disubstituted-3-mercapto-l,2,4-triazoles ,and Zn(II), Hg(II) and Cu(I) were synthesized and characterized by standard procedures (elemental analysis; IR, electronic and NMR spectroscopy, conductimetry and TG analysis). Both the thione as well as the thiolate forms of the ligands were evidenced to interact with the metal ions in tile prepared complexes. The original mercaptans and their metal complexes behave as inlfibitors of three carbonic anhydrase (CA) isozymes, CA I, II and IV, but did not lower intraocular pressure in rabbits in animal models of glaucoma.
Introduction
Carbonic anhydrase (CA, EC 4.2.1.1), an enzyme playing a central role to both transport and metabolic processes involving CO2 and bicarbonate, is present in a variety of tissues of higher vertebrates in the form of eight isozymes [2] [3] [4] . By catalyzing the reversible interconversion between the two chemical species mentioned above, in metabolically active tissues (such as the muscle), cytoplasmic (CA I-III) and sarcolemmal (CA III) isozymes facilitate CO2 transport out of the cell [3] . The only membrane-bound isozyme known (CA IV), wlfich is higlfly abundant in the kidneys and lungs, lms been shown to possess an extracellular orientation of the active site, and to be critical in acidifying file outer boundary layer through the protons formed by CO2 hydration [5, 6] , a process that then facilitates among others cellular anunonia transport by providing the I-V ion for the protonation of NH3 and maintaining thus the trans-membrane anunonia gradient [3, 5] .
The mitochondrial isozyme (CA V) is known to supply bicarbonate/CO2 for the initial reaction of gluconeogenesis and ureagenesis in many m,'unmalian tissues [7, 8] , as well as for tile pyruvate carboxylation in tile de novo lipogenesis in adipocytes [9] .
Aromatic/heterocyclic sulfonamides with tile general formula R-SOzNH2 act as powerful inhibitors of the above menlioned isozymes [4, [10] [11] [12] [13] [14] [15] [16] , although relevant differences of ,affinity for these inhibitors between them have been evidenced [4] . Thus, CA II is the most susceptible to inlfibition by sulfonamides [4] , followed by CA IV and V [6, 9] , whereas CA has generally a lower ,nity for this type of inhibitors and a much larger one (as compared to the previously mentioned isozymes) for the inorganic complexing anions, such as cyanide, cyanate, thiocyanate [4, [17] [18] [19] . Endly, CA III is a sulfonamide-resistant isozyme [20] , being appreciably iflfibited only at very large (millimolar) concentrations of inhibitor (the other isozymes may be inhibited at micromolar nanomolar concentrations of sulfonamides such as acetazolamide 1, benzolamide 2, ethoxzolmnide 3, dichlorophenamide 4 or dorzolatnide 5 all clinically used drugs [21] [22] [23] [24] ). The main application of such agents is as antiglaucona drugs [22] [23] [24] , but they are also used as ,'mtiulcer [21 ] , diuretic [25] , or antiepileptic drugs [26] , as well as diagnostic tools in NMR imaging [27, 28] . Although many sulfonamide CA inhibitors possess high affinity for the major isozymes considered to play important physiological functions (such as CA II, CA IV and CA V) [4, 7, 8, [11] [12] [13] [14] [15] [16] , the critical challenge for the design of novel pharmacological agents from this class, is constituted by the lack of specificity of such colnpounds towards the different isozymes [4, 29, 30] . Thus, the search of compounds from other classes [37] . Elemental analyses were done by combustion for C, H, N with an automated Carlo Erba analyzer, and gravimetrically for the metal ions, and were + 0.4% of the theoretical values. NMR spectra were recorded in DMSO-d6 as solvent with a Bruker CPX-200 instrument.
Thennogravimetric measurements were done in air, at a heating rate of 10C/rain., with a Perkin Elmer 3600 thennobalance.
Mercaptans 9-13 were prepared as described in the literature [38] . Metal salts (Cu(I) chloride, Hg(II) chloride and Zn(II) sulfate pentahydrate), triethylamine and solvents were from E. Merck (analytical grade) and were used without additional purification.
Human CA and CA II cDNAs were expressed in Escherichia coli strain BL21 (DE3) from the plasmids pACA/HCA ,and pACMHCA II (the two plasmids were a gift from Prof. Sven Lindskog, Uxnea University, Sweden). Cell growth conditions were those described by Lindskog's group [39] and enzymes were purified by affinity chromatography according to the method of Khalifah et al. [40] . Enzyme concentrations were determined spectrophotometric,'flly at 280 nm, using a molar absorptivity of 49 mM-1. In the solid state and in neutral solution, the tlfione forms of type B ,are the dominant tautomers, with the tlfione sulphur atom as the favoured donor site [44] [45] [46] . Deprotonation of these derivatives in a variety of conditions generates thionate mions in which both the tlfionate sulphur as well as the endocyclic nitrogen atoms are available, either singly or collectively, for coordination. In this work we have used both these possibilities for preparing metal complexes of derivatives 9-13. Thus, in the case of the Zn(II) and Hg(II) derivatives, the metal complexes were prepared using the deprotonated derivatives 9-13, whereas the Cu(I) complexes were obtained from the neutral (thione) form of the ligands, as in the classical studies of Raper The most important IR bands in the spectra of compounds 9-28 are shown in Table II . Several important features of flese spectra should be mentioned: (i) the two SO2 vibrations appear mchanged in the IR spectra of the ligands 9-13 and their met,'fl complexes 14-28, proving flat these moieties do not interact with fle metal ions (data not shown); (ii) major modifications in the spectra of the complexes as compared to lhose of the corresponding ligands, regard fle thioamide vibrations (Table II) spectra of all metal complexes, whereas in the spectra of the ligands it was presented as a single band. This behaviour has been previusly reported for other metal complexes of heterocyclic thiones [44] [45] [46] ; (iii) a clear distinction could be made regarding the tautomeric form of the ligand in the case of the Zn(II) and Hg(II) complexes on one hand, and the Cu(I) derivatives on the other hand. Thus, for the first derivatives (prepared from the deprotonated form of the ligand) no NH bands were evidenced in the IR spectra (these bands were present in the spectrum of the corresponding ligand), whereas for the Cu(I) derivatives these arre present at the stone frequencies as in the case of the ligand. The thio,-unide band is ,also different for the two groups of complexes, with the Cu(I) derivatives showing this band at the same frequency as in the case of the ligand, whereas for the Zn(II) and Hg(II) derivatives the correponding band was shifted at higher wavelength. The thioamide II band on the other hand was splitted only in the case of the Cu(I) derivatives. In the H-and 3C-MR data of the Hg(II) complexes, the following modifications have been noted as compared to the corresponding spectra of the original mercaptans 9-13: (i) the signal of the NH proton, appearing at 8.30 8.35 ppm in the H-NMR spectra of colnpounds 9-13, is absent in the spectra of the corresponding Zn(II) and Hg(II) complexes, 14-23; (ii) other signals (the arolnatic protons, the lnoiety substituting the N-4 atom) appear in the same ranges in the original mercaptans and the corresponding Zn(II) and Hg(II) coxnplexes (data not shown); (iii) in the 3C-NMR spectra, the C-3 carbon atoms show a signal at 168.2 168.6 ppm in the spectra of compounds 9-13, whereas in the spectra of the corresponding Zn(II) and Hg(II) complexes these signals appear at 165-167 ppm. This sltift is presumably due to the presence of the coordinated metal ions in the neighbourhood of these atoms; (iv) other sigqals in the C-NMR spectra of xnercaptans 9-13 and metal complexes [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] appear tmchanged, at the same chemical shifts (data not shown). All the prepared complexes showed no weight loss under 200C, were non-electrolytes (in DMF as solvent, at room temperature data not shown), diamagnetic (data not shown) and colorless also in the case of the Cu(I) derivatives, prompting us to propose the stnctures shown below. All these data indicate that in the case of the Zn(II) and Hg(II) derivatives the ligand acts in deprotonated form, bidentately, with the donor system probably constituted by the endocyclic xfitrogen and the mercaptide sulfur atoms. In the case of the Cu(I) derivatives, the thione form of the ligands probably acts monodentately, with the thione sulfur as donor atom, similarly as in the Cu(I) derivatives of 1-methylimidazoline-2(3H)-thione reported by Raper Metal-Based Drugs iflfibitors were those possessing an N-Et or NH moiety in the 4 position of the heterocyclic ring, whereas the compounds possessing N-cyclohexyl such groups had a largely decreased affinity for the enzyme, presumably due to steric hindrance induced by the bulky cyclohexyl group: (iii) the susceptibility of the different CA isozymes to inhibition with tlfis class of derivatives was: CA II > CA IV > CA I, being similar to that for the aromatic/heterocyclic sulfonamides [4] . The newly prepared complexes as well as the heterocyclic mercaptans 9-13 were tested for their ability to lower intraocular pressure (IOP) in rabbits, in animal models of glaucoma, since recently it was discovered by this group that metal complexes of heterocyclic sulfonamides act as efficient IOP lowering agents [48] [49] . None of these derivatives showed any effect when applyed as a 2% solution (in DMSO) directly into the rabbit eye.
